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Abstract 
The formation of easily recoverable and re-useable organic semiconducting Cu- and AgTCNQ 
microstructures decorated with Pt and Pd metallic nanoparticles is described for the effective reduction 
of Cr
VI
 ions in an aqueous solution at room temperature using both formic acid and an environmentally 
friendly thiosulphate reductant. The MTCNQ materials were formed via electrocrystallisation onto a 
glassy carbon surface followed by galvanic replacement in the presence of H2PtCl6  or PdCl2 to form the 
composite material. It was found that the surface loading with nanoparticles could easily be controlled 
by changing the metal salt concentration. Significantly the MTCNQ substrates facilitated the formation 
of well isolated metal nanoparticles on their surfaces under appropriate galvanic replacement 
conditions. The semiconductor metal nanoparticle combination was also found to be critical to the 
catalyst performance wherein the best performing material was found to be CuTCNQ modified with 
well isolated Pt nanoparticles (CuTCNQ/Pt) using both formic acid and thiosulphate ions as the 
reductant.  
 
Introduction 
Organic semi-conducting metal-TCNQ (7,7,8,8-tetracyanoquinodimethane) materials have 
received renewed attention over the past several years.
[1]
 In particularly, Cu- and AgTCNQ 
have been the focus of intensive research due to their potential applicability in molecule 
based switching devices which is due to an interesting property whereby the impedance of the 
material can be switched upon application of an external electrical or optical field.
[2]
 
Significantly, the application of M-TCNQ based materials has been expanded from almost 
exclusively switching and field emission devices to encompass a demonstrated ability to 
catalyse redox
[3]
 and photocatalytic
[4]
 reactions in aqueous solutions in addition to possessing 
superhydrophobic properties when prepared in a porous form.
[5]
 A further advance in the 
development of this type of material was the fabrication of M-TCNQ materials decorated 
with metal nanoparticles that can be easily achieved through a spontaneous galvanic 
replacement (GR) approach wherein the M-TCNQ material acts as a sacrificial template 
during a reaction with appropriate metal ions (such as Au
(III)
, Pt
(IV)
 or Pd
(II)
) to facilitate the 
tuneable deposition of metal nanoparticles on the M-TCNQ surface.
[4]
 This was one of the 
first demonstrations of the galvanic replacement of a non-metallic material which has 
recently been extended to metal oxide systems.
[6]
   
Hexavalent chromium (Cr
VI
), classified as carcinogenic and mutagenic), is a serious 
pollutant in industrial effluents and demonstrates significant toxicity to humans when present 
in the environment, particularly when solubilised in water.
[7]
  Significantly, the water 
solubility of chromium is determined by its oxidation state and may range from +6 to -2 
(where the most stable oxidation states are +6 and +3). Cr
VI
 exhibits significant water 
solubility and is therefore highly mobile in the environment, however Cr
III
 in comparison is 
much less soluble in water where hydroxide formation at neutral pH is likely and therefore 
demonstrates much less toxicity.
[7]
   
Many materials and compounds have been employed to reduce Cr
VI
 to Cr
III
 in a 
homogeneous aqueous environment to facilitate environmental remediation applications, 
including, but not limited to, Fe
0
, Fe
II
, sulphides (S
2-
), Mn
II
, some organic molecules and 
several bacterium strains.
[8]
 It has been reported that organic molecules such as formic acid 
(HCOOH) can act as a strong reducing agent for the catalytic reduction of Cr
VI
 to Cr
III
 at Pt 
and Pd based nanoparticle catalysts.
[9]
 Additionally, thiosulphate ions have also been 
demonstrated as reductants albeit relatively ineffectively with conversion times of up to 
several days.
[8f, 10]
 Importantly however, thiosulphate salts are a National Sanitation 
Foundation (NSF, a WHO collaborator) approved water treatment chemical and unlike other 
reductants such as formic acid avoids the potential problem of decreasing the pH of the 
reaction solution which can inhibit the precipitation of Cr
III
.
[10]
 While formic acid is a 
demonstrably more potent reducing agent, importantly, thiosulphate ions exhibit less severe 
health risks, such as skin inflammation and corneal damage that can occur due to formic acid 
exposure. Therefore the development of a catalytic material that could utilise thiosulphate 
ions as the reductant would have significant environmental benefits for the removal of Cr
VI
 
species. 
Interestingly, if we review the reduction potentials (vs. the standard hydrogen electrode) of 
the two half-cell reactions via
[11]
: 
 
Cr2O7
2-
 + 14H
+
 + 6e
-
 ↔ 2Cr3+ + 7H2O             E
0
 = 1.36 V 
S4O6
2-
 + 2e
-
 ↔ 2S2O3
2-    
E
0
 = 0.08 V 
 
we observe that the reaction between the two species should proceed spontaneously with a 
very large driving potential. However this is not observed, rather the reaction is extremely 
slow suggesting a significant activation energy barrier necessitating the need for a catalyst. 
As previously mentioned, it was recently established that M-TCNQ materials are capable of 
catalysing heterogeneous electron transfer reactions in aqueous solutions such as the 
reduction of ferricyanide to ferrocyanide using thiosulphate ions.
[3]
 Therefore, in this body of 
work we report the synthesis of CuTCNQ and AgTCNQ semi-conductors decorated with 
metal nanoparticles of Pt, Pd, Au and Rh and their application for the heterogeneous surface 
catalysed reduction of Cr
VI
 to Cr
III
 employing both thiosulphate ions and formic acid in an 
aqueous environment. Importantly, we demonstrate that our materials are easily recoverable 
from the reaction medium and can be efficiently reused. 
Results and Discussion 
The electrodeposition of both CuTCNQ and AgTCNQ from acetonitrile is readily 
achievable and depending on the applied potential isolated clusters or well packed films of 
material can be synthesised.
[1b]
 For this body of work we have formed isolated clusters of 
both CuTCNQ and AgTCNQ on a glassy carbon (GC) surface (as shown in supporting 
information Figure S1). Scanning electron microscope (SEM) images of CuTCNQ microrods 
and AgTCNQ microwires GR with 1 mM [PtCl6]
2-
 and Pd
2+
 for 2 hours are shown in Figures 
1A and 1B for CuTCNQ/Pt and CuTCNQ/Pd and Figures 1C and 1D for AgTCNQ/Pt and 
AgTCNQ/Pd, respectively. The formation of metal nanoparticles on the surface of the M-
TCNQ materials is clearly evident from Figure 1, where the GR of CuTCNQ with [PtCl6]
2-
 
resulted in the formation of large 200 nm irregular clusters of metallic Pt (Figure 1A) while 
the GR of CuTCNQ with Pd
2+
 demonstrated similarly sized irregular shaped clusters of 
metallic Pd (Figure 1B). 
In comparison to the GR of CuTCNQ with  [PtCl6]
2-
 which resulted in large irregular 
metallic clusters, the GR of AgTCNQ resulted in the formation of large spherical clusters of 
ca. 200 nm in diameter which at higher magnification appear to be aggregations of many sub 
20 nm spherical nanoparticles (Figure 1C). The GR of AgTCNQ with Pd
2+
 resulted in the 
formation of 200 nm clusters which appear as aggregates of irregularly shaped sub 20 nm 
nanoparticles as seen in the CuTCNQ case (Figure 1B). Additionally, for both Cu- and 
AgTCNQ, their surfaces are decorated to a greater extent with Pd compared to Pt 
nanoparticles as can be seen by the formation of a higher number of smaller clusters in 
addition to the larger clusters. CuTCNQ and AgTCNQ materials galvanically replaced with 
[AuBr4]
-
 and Rh
3+
 were also explored, however their catalytic activity was unimpressive and 
so discussion of these materials is instead available in supporting information (Figures S2-3) 
for brevity. 
XPS analysis of the Pt 4f and Pd 3d core levels performed on the synthesised materials is 
shown in Figure 2. From Figure 2A, we observe the presence of peaks at 71.3 eV and 74.6 eV 
corresponding to Pt 4f7/2 and Pt 4f5/2 respectively characteristic of metallic Pt,
[12]
 confirming 
the presence of Pt nanoparticles on the material surface. Similarly, Figure 2B demonstrates 
peaks at 334.9 eV and 340.8 eV corresponding to Pd 3d5/2 and Pd 3d3/2 respectively 
characteristic of metallic Pd,
[13]
 confirming the presence of surface bound Pd nanoparticles. 
Moreover, we can relate the amount of Pt and Pd on each sample with respect to carbon 
which indicates that the abundance of Pt nanoparticles on CuTCNQ/Pt is approximately 85% 
of that grown on AgTCNQ/Pt. In the case of Pd decoration, for CuTCNQ/Pd this value 
decreases to 52% compared to AgTCNQ/Pd. The greater coverage of AgTCNQ with both Pt 
and Pd is likely to be due to the increased surface area of the AgTCNQ nanowires (Figure 
1C) compared to the micron sized CuTCNQ clusters (Figure 1A). 
In this work we explore the suitability of the as synthesised CuTCNQ/M and AgTCNQ/M 
materials as potential catalysts for the conversion of Cr
VI
 in an aqueous environment as 
shown in Scheme 1. To a 15 mL aqueous solution containing 0.7 mM K2Cr2O7 and 70 mM 
Na2S2O3 or formic acid, held at a stable temperature of 20° C, the synthesised materials were 
immersed and the UV-visible absorbance of dichromate ions was measured with respect to 
time. Illustrated in Figure 3A for CuTCNQ/Pt with thiosulphate ions and Figure 3B for 
CuTCNQ/Pt with formic acid are time dependent UV-vis spectra. It is clear that the 
absorbance maximum at 350 nm due to the ligand to metal charge transfer of dichromate 
ions
[14]
 decreases in intensity with time, indicating the reduction of Cr
VI
 to Cr
III
. UV-vis 
spectra were collected for all samples at 20° C for 2 hours and the absorbance at 350 nm for 
each time point was measured. By plotting ln(At/A0) versus Time (where At is the absorbance 
at time ‘t’ and A0 the absorbance at time zero), as shown in Figure 3C using thiosulphate ions 
and Figure 3D using formic acid, and determining the gradient of the linear part of the plot 
we can determine the rate of the reaction if we assume that the reaction is first order due to 
the excess of thiosulphate ions or formic acid that are used. It should be emphasised that 
these are apparent rate constants and used for comparative purposes amongst these materials 
and will depend on the reaction conditions employed.
[15]
 
In the case of catalysis using thiosulphate ions (Figure 3C), CuTCNQ and AgTCNQ 
decorated with Pt nanoparticles demonstrated greater activity than the respective samples 
decorated with Pd nanoparticles as illustrated in Table 1. This is consistent with previous 
studies which showed that Pt nanoparticles immobilised in a metal organic framework (MOF) 
exhibited higher activity for the reduction of Cr
VI
 with formic acid compared to their Pd 
counterparts.
[9]
 Here, the highest rate was found for the CuTCNQ/Pt sample which 
significantly outperformed the AgTCNQ/Pt material. 
Interestingly however, AgTCNQ/Pd demonstrated higher catalytic activity than 
CuTCNQ/Pd. This suggests that the interaction between the semiconducting material and the 
decorating metallic nanoparticles plays a role in the catalytic performance.  Even though 
CuTCNQ and AgTCNQ were found to be inactive for the reaction the electronic nature of the 
metal may be perturbed when in intimate contact with the semiconductor which thereby 
could affect electron transfer and the rate of the catalytic reaction. This was further confirmed 
with Au and Rh decorated materials which did not demonstrate appreciable catalytic activity. 
As a comparison to previous studies, the materials were tested using formic acid as the 
reductant. At room temperature the reaction proceeded at a more rapid rate, as shown from 
the time dependent UV-vis data (Figure 3B) for CuTCNQ/Pt and the rate data for all 
materials (Figure 3D). As found in the case of thiosulphate ions, M-TCNQ decorated with Pt 
nanoparticles showed greater catalytic activity than the Pd decorated materials with again 
CuTCNQ/Pt demonstrating the highest rate of 7.7 x 10
-3
 min
-1
 approximately three times 
greater than that achieved using thiosulphate ions (2.8 x 10
-3
 min
-1
). Similarly, AgTCNQ/Pd 
demonstrated better activity than CuTCNQ/Pd indicating the importance of the M-
TCNQ/metal nanoparticle combination. 
To demonstrate the reusability of these materials the catalytic reaction was performed 
multiple times using CuTCNQ/Pt and formic acid (as the most catalytically active the error 
associated with multiple cycles would be less). Notably in Figure 4 we demonstrate that after 
15 repeated cycles on the same material that the catalytic activity varies by less than 5% with 
respect to the activity of the first cycle (i.e. after 15 cycles the material is 95% as active as the 
pristine material). Furthermore, no evidence of the presence of TCNQ
-
 ions is observed in the 
extended UV-vis spectra, where bands are expected at 600-800 nm, indicating the non-
dissolution and preservation of the CuTCNQ material (Figure S4). In addition to the absence 
of TCNQ
-
 ions in solution, Raman studies of the solid CuTCNQ/Pt materials after 
participation in the catalysis process (Figure S5) demonstrate no features attributable to the 
formation of dicyanotolluilocyanide (DCTC
-
) which can be formed through the reaction of 
reduced TCNQ with water. This stability against dissolution and decomposition under such 
conditions is highly promising from an application point of view. Indeed the overall stability 
is comparable or may even exceed that of Pd nanoparticles incorporated in electrospun 
polymer nanofibres that were used for the same reaction and retained activity for 3 catalytic 
cycles
[16]
. Significantly, the ease of recovery and reuse of such heterogeneous catalysts can 
greatly increase their cost effectiveness with regards to the often difficult to recover 
homogeneous catalysts.  
Other researchers have undertaken the reduction of Cr
VI
 with formic acid at an elevated 
temperature of 50° C
[9, 16]
 which should result in an increased conversion rate. To this end we 
repeated the same experiments as above at 50° C for the CuTCNQ/Pt and AgTCNQ/Pd 
materials which demonstrated the best activity for Pt and Pd decorated materials, 
respectively. As can be seen from the UV-visible spectra shown in Figures 5A and 5B for 
CuTCNQ/Pt, in direct comparison to those UV-visible spectra in Figures 3A and 3B, 
increasing the temperature of the medium to 50° C results in a marked decrease in the 
intensity of the feature attributable to Cr
VI
 at 350 nm with respect to time. For the case of 
CuTCNQ/Pt using formic acid, the absorbance due to Cr
VI
 ions was reduced to approximately 
zero between 100 and 110 minutes. 
This conversion time is comparable to both a MOF/Pt nanoparticle suspension
[9]
 and a 1 
cm
2
 Pd nanoparticle immobilised polymer nanofibre mat
[16]
 under similar reaction conditions 
(geometric area of substrate on which CuTCNQ/Pt sample is formed is 0.16 cm
2
). By once 
again plotting ln(At/A0) versus Time and comparing the materials at different temperatures, 
we observe that in the case of thiosulphate ions, increasing the temperate to 50° C results in 
almost a doubling of the rate to 4.5 x 10
-3
 min
-1
 for CuTCNQ/Pt and nearly triple to 2.7 x 10
-3
 
min
-1
 for AgTCNQ/Pd. The difference is even more pronounced using formic acid with an 
approximately 5 fold increase in reaction rate for CuTCNQ/Pt to 3.7 x 10
-2
 min
-1
 and 3 fold 
increase to 5.6 x 10
-3
 min
-1
 for AgTCNQ/Pd. Additional information on the catalytic activity 
of all materials, including those decorated with Au and Rh is available as supporting 
information in Figure S6. 
It is well understood that the degree of metal loading on a semiconductor surface has 
significant ramifications for the catalytic activity of the material where generally, the 
catalytic activity of a system will increase with metal abundance before the activity of the 
system decreases after optimal metal loading has been reached.
[17]
 To investigate this effect 
for our materials we employed the CuTCNQ material reacted with different concentrations of 
Pt
4+
 ions to determine the effect of metal loading on the catalytic activity of the system using 
formic acid as the reductant. Shown in Figure 6 are the results of an XPS study on CuTCNQ 
galvanically replaced with 0.5, 1, 2 and 5 mM H2PtCl6 demonstrating the different loading of 
Pt nanoparticles through integration of the characteristic Pt 4f peaks which have been 
normalised with respect to the C 1s peak at 285 eV. From this we have determined that 
relative to galvanic replacement with 1 mM H2PtCl6 (i.e. 100% Pt), galvanic replacement 
with 0.5 mM H2PtCl6 results in ca. 20% less Pt, galvanic replacement with 2 mM H2PtCl6 
results in an 8.5 % increase in Pt content and galvanic replacement with 5 mM H2PtCl6 
results in a 25% increase in Pt loading. 
The catalytic reaction between formic acid and Cr
VI
 ions in the presence of CuTCNQ/Pt 
(with different Pt loading) was then performed at 50° C as displayed in Figure 7A. As 
expected, the catalytic activity of the material is observed to increase when the Pt loading is 
increased by increasing the concentration of H2PtCl6 from 0.5 to 1 mM (2.8 x 10
-2
 min
-1
 
increases to 3.7 x 10
-2
 min
-1
), interestingly however, when increasing the concentration of 
H2PtCl6 to 2 and 5 mM, the catalytic activity of the system is observed to plateau (3.8 x 10
-2
 
min
-1
 and 3.75 x 10
-2
 min
-1
 for 2 mM and 5 mM H2PtCl6, respectively) suggesting that further 
increasing the concentration of Pt nanoparticles on the CuTCNQ material has little effect on 
the catalytic activity of the system. By examining SEM images of the materials after galvanic 
replacement with 0.5, 2 and 5 mM H2PtCl6 as shown in Figure 7B-D and comparing those to 
Figure 1A (galvanic replacement with 1 mM H2PtCl6), it is apparent that increasing the Pt 
concentration not only increases the abundance of Pt nanoparticles on the CuTCNQ surface 
but also increases the size of the individual particles. As such we can suggest that the 
catalytic activity of the CuTCNQ/Pt is dependent on both the abundance and the morphology 
of the Pt nanoparticles on the material surface. The formation of well isolated Pt 
nanoparticles on the CuTCNQ surface is therefore critical to performance. The presence of 
smaller particles at appropriate coverage when using 1 mM H2PtCl6 appears to be the 
optimum condition. This is most likely due to the increased surface area of the smaller 
nanoparticles. Importantly it can be concluded that the use of MTCNQ substrates is beneficial 
to the formation of well isolated metal nanoparticles on their surface that have high activity 
as well as good chemical stability under a wide range of conditions such as higher 
temperature and high acidity if required for the reaction of interest.   
Conclusions 
In conclusion, we have developed easily recoverable and re-useable CuTCNQ and AgTCNQ 
semi-conducting materials decorated with metal nanoparticles as potentially viable materials 
for the promotion of the reduction of Cr
VI
 to Cr
III
  at ambient temperature using both 
thiosulphate ions and formic acid as reducing agents. It was determined that CuTCNQ 
materials decorated with Pt nanoparticles demonstrated the most promising catalytic activity. 
While catalysis was enhanced when performed with formic acid (with respect to thiosulphate 
ions) at elevated temperature, this work nonetheless demonstrates that thiosulphate ions may 
indeed be employed as a reducing agent for the environmental remediation of harmful Cr
VI
 at 
room temperature, thereby providing an agent with less severe health risks than formic acid. 
Experimental Section 
Tetrakis(acetonitrile)copper(I) hexafluorophosphate ([Cu(CH3CN)4]PF6), silver nitrate 
(AgNO3), tetrabutylammonium hexaflurophosphate (TBAPF6), potassium tetrabromoaurate 
(KAuBr4 ◦ 3 H2O), platinic acid (H2PtCl6), palladium chloride (PdCl2) and rhodium chloride 
(RhCl3) were obtained from Sigma-Aldrich and 7,7,8,8-tetracyanoquinodimethane and 
acetonitrile (MeCN) were obtained from Fluka. All chemicals were used as received. 
CuTCNQ or AgTCNQ was formed electrochemically using a CH Instruments (CHI760C) 
electrochemical analyser by applying a -100 mV potential for a period of 60 s at a glassy 
carbon (GC) substrate immersed in 5 mL of a solution containing 9.09 mM TCNQ, 9.09 mM 
[Cu(CH3CN)4]PF6 (or AgNO3 for the formation of AgTCNQ) and 0.1 M TBAPF6 as a 
supporting electrolyte. A platinum wire was employed as the counter electrode and Ag/AgCl 
as the reference electrode that was placed in a salt bridge containing 0.1 M TBAPF6. The 
electrolyte was degassed for 10 min with nitrogen that had been passed through a solution of 
acetonitrile before any electrochemical experiment was undertaken. After 60 s of applied 
potential, the GC substrate was removed from the solution and washed thoroughly with 
deionized water (MilliQ). 
Immediately after washing the glassy carbon substrates with CuTCNQ or AgTCNQ grown 
on the surface were immersed in separate vials containing 3 mL of a 1 mM solution of an 
applicable metal salt (H2PtCl6, PdCl2, KAuBr4 or RhCl3) and allowed to react undisturbed for 
a period of 2 hours. After 2 hours, the glassy carbon substrates were removed from the 
solutions and washed thoroughly with deionized water (MilliQ) before being dried with a 
flow of N2 gas. 
Characterisation was performed on the CuTCNQ/M and AgTCNQ/M materials without 
further modification. Scanning electron microscopy (SEM) images were obtaining on a FEI 
Nova NanoSEM at an operating voltage of 5-15 kV (region of sample dependent) in high 
vacuum conditions. X-ray photoelectron spectroscopy was performed on a Thermo K-Alpha 
XPS instrument at a pressure better than 1 x 10
-9 
Torr with core levels aligned with the C 1s 
binding energy of 285 eV. UV-Visible measurements were obtained on a Cary 60 
spectrophotometer using an attached fibre optic probe. 
Catalysis was performed by immersing the synthesised materials in 15 mL of an aqueous 
solution containing 0.7 mM K2Cr2O7 and 70 mM Na2S2O3 or formic acid. The reaction was 
held at a stable temperature of either 20° C or 50° C and continuously stirred at 300 rpm. UV-
visible absorbance (Cary 60 spectrophotometer) of dichromate ions was measured with 
respect to time using an attached fibre optic probe. 
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List of figures and schemes 
Scheme 1. Schematic representation of the galvanic replacement of M-TCNQ to M-TCNQ/M 
and the conversion of Cr
VI
 to Cr
III 
with thiosulphate ions. 
Figure 1. Scanning electron microscopy images of CuTCNQ microrods galvanically replaced 
with (A) [PtCl6]
2-
 and (B) Pd
2+
 and AgTCNQ galvanically replaced with (C) [PtCl6]
2-
 and (D) 
Pd
2+
. 
Figure 2. XPS spectra of (A) Pt 4f and (B) Pd 3d core levels aligned with C 1s binding 
energy of 285 eV. 
Figure 3. UV-Visible spectroscopy of the reduction of Cr
VI
 ions upon reaction with (A) 
thiosulphate ions and (B) formic acid with CuTCNQ/Pt at ambient temperature (20° C). (C) 
and (D) show plots of ln(At/A0) from which rate constants for the reactions could be 
determined. 
Figure 4. Catalytic activity of CuTCNQ/Pt for the reduction of Cr
VI
 using formic acid at 
20°C over 15 repeat experiments. Establishing the activity of the first experiment at 100% 
(120 min reaction time) and comparing the activity thereafter. 
Figure 5. UV-Visible spectroscopy of the reduction of Cr
VI
 ions upon reaction with (A) 
thiosulphate ions and (B) formic acid with CuTCNQ/Pt at elevated temperature (50° C). (C) 
and (D) show plots of ln(At/A0) from which rate constants for the reactions could be 
determined. 
Figure 6. X-ray photoelectron spectra of characteristic Pt 4f core levels on  CuTCNQ after 
galvanic replacement with 0.5, 1, 2 and 5 mM H2PtCl6. 
Figure 7. (A) Plots of ln(At/A0) for CuTCNQ galvanically replaced with different H2PtCl6 
concentrations and SEM images of CuTCNQ galvanically replaced with (B) 0.5, (C) 2 and 
(D) 5 mM H2PtCl6. 
Table 1. Rate of reduction of Cr
VI
 ions by the synthesised materials at ambient temperature 
(20° C) 
Material Thiosulphate Ions (min
-1
) Formic acid (min
-1
) 
CuTCNQ/Pt (20°C) 2.8 x10
-3
 7.7 x10
-3 
CuTCNQ/Pd (20°C) 
AgTCNQ/Pt (20°C) 
AgTCNQ/Pd (20°C) 
CuTCNQ/Pt (50°C) 
AgTCNQ/Pd (50°C) 
2.8 x10
-4
 
9.3 x10
-4
 
7.7 x10
-4
 
4.5 x10
-3 
2.7 x10
-3
 
1.0 x10
-3 
3.2 x10
-3 
1.8 x10
-3
 
3.7 x10
-2
 
5.6 x10
-3
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The formation of easily recoverable and re-useable organic semiconducting Cu- and 
AgTCNQ microstructures decorated with Pt and Pd metallic nanoparticles is described for the 
effective removal of Cr
VI
 ions from an aqueous solution at room temperature using an 
environmentally friendly thiosulphate reductant. The semiconductor metal nanoparticle 
combination was found to be critical to the catalyst performance where the best performing 
material was found to be CuTCNQ/Pt. 
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